In tandem with the recent explosion of interest in organocatalysis, the use of polymeric supports to immobilize organic molecules has also garnered much attention. While many examples of organic polymer-supported organocatalysts have been reported, 1 virtually all of the reports in the literature describe polymers functionalized with only a single catalytic group. This is in stark contrast to small molecule organocatalysts, which often times are polyfunctional, and require cooperation between the various functional groups for efficient catalysis.
2,3
A notable exception to this is the early work reported by Overberger et al. regarding the use polymers functionalized with both acidic and imidazole groups, such as 1, that were used to catalyze ester hydrolysis reactions (Scheme 1a). 4, 5 Additionally, we have studied the use of numerous organic polymers as platforms for organic chemistry, 6 especially in the context of polymer-supported phosphine reagents and catalysts, [7] [8] [9] and have more recently reported bifunctional phenol-phosphine polystyrene 2 as a catalyst for Morita-Baylis-Hillman 10 and alkyne isomerization reactions (Scheme 1b). 11, 12 Furthermore, we have studied numerous polymer-supported amines, 13 and have reported polystyrene bearing DMAP and piperidine groups 3 that proved to be an excellent catalyst for decarboxylative Doebner-Knoevenagel reactions (Scheme 1c).
14 Finally, we have also extended the concept of bifunctional polymers to supported reagents, and developed heterogeneous aminephosphine rasta resin 4 that was used as the sole reagent in one-pot Wittig reactions (Scheme 1d). 15 During the course of this latter work, we were inspired by the recent report of using bifunctional amine-thiourea organocatalyst 5 in reactions involving the addition of nitroalkanes to nitroalkenes (Scheme 2a), 16 and the work of Xiao et al. regarding the use of a combination of thiourea 6 and DMAP to catalyze cycloaddition reactions between sulfur ylides and nitroalkenes (Scheme 2b). 17 Thus, we wanted to see if we could extend the concept of bifunctional polymeric organocatalyst and develop an amine-thiourea polymeric organocatalyst for these reactions. 18 Herein we report the realization of this objective, and describe both homogeneous and heterogeneous bifunctional polymeric organocatalysts. For synthesis of our envisioned homogeneous bifunctional amine-thiourea polymer, we planned to co-polymerize a pair of functionalized monomers together with styrene, as we did previously for the synthesis of 2 and 3. Thus, trialkylamine monomer 7, and thiourea monomer 8 were chosen to incorporate the desired functionality into non-cross-linked polystyrene 9 (Scheme 3). Monomers 7 and 8 were both prepared from commercially available 4-vinylbenzyl chloride. The former was synthesized according to the literature procedure using diethylamine, 19 and the latter by a 3-step route involving reaction with sodium azide, followed by reduction to the corresponding amine, and finally reaction of this with 3,5-bis(trifluoromethyl)phenyl isocyanate. 20 Once 7 and 8 were in hand, they were co-polymerized with styrene in a 8:1:1 (styrene:7:8) ratio using AIBN as the initiator in chlorobenzene to afford 9. The monomer ratio used was chosen because we felt that it would be important to impart flexibility in 9 by using a relatively high percentage of styrene.
1 H NMR analysis was used to determine the monomer incorporation ratio of 9 to be 7.6:1:1, and thus its loading level of 0.72 mmol g -1 . For control reactions, we also synthesized monofunctional polymers 10 (0.90 mmol g -1 ) and 11 (0.55 mmol g -1 ), possessing only amine or thiourea groups by the omission of 8 or 7, respectively, from the polymerization reaction. In all three cases, the monomer incorporation ratio in the product was similar to the polymerization reaction input ratio. With the synthesis of polymers 9-11 completed, we then studied their utility as catalysts for the addition of nitropropane (12) to trans-β-nitrostyrene (13a) to form product 14a (Table  1) . As can be seen in entry 1, when monofunctional polymer 10, with only tertiary amine groups, was used to catalyze the reaction, only low yield of the desired product 14a could be obtained, and using thiourea functionalized polymer 11 did not lead to any desired reaction (entry 2). Interestingly, when an equal molar mixture of both 10 and 11 was used, excellent yield of 14a was obtained with high stereoselectivity (entry 3), and gratifyingly, when 9 was used as the sole catalyst, very similar results were obtained (entry 4). Thus, from these results it appears that both amine and thiourea groups are required for efficient catalysis in such nitroalkane addition to nitroalkene reactions, and that 9 can indeed function as a homogeneous bifunctional polymeric organocatalyst in such processes. Having achieved our initial goal, we then tested the general utility of polymeric catalyst 9 in a series of related reactions using 12 and substituted β-nitrostyrenes 13b-i 21 (Table 2) . 22 As can be seen in entries 1-8, excellent yield of the desired product (14b-i) could be obtained in all cases, regardless of the location or electronic nature of the substituent(s). Furthermore, the stereoselectivity of all of the reactions was also very high. Next polymers 9-11 were examined as catalysts in the cycloaddition reactions represented in Scheme 2b. For these reactions, 13a and ylide 15a were chosen as test substrates to form 16a (Table 3) . As before, we first examined catalysis of this reaction using monofunctional polymers 10 and 11. With the former, low yield of 16a was formed with excellent stereoselectivity (entry 1), and with the latter, moderate yield of product was obtained (entry 2). Therefore it appears that thiourea groups alone are moderately efficient at catalyzing such reactions, but amine groups are not. However, when a mixture of 10 and 11 was used as the catalyst, higher yield of 16a was obtained with similar stereoselectivity (entry 3). Similarly, high yield of 16a was also obtained using bifunctional polymer 9. Thus, once again it appears that 9 is an efficient homogeneous bifunctional polymeric organocatalyst. The use of 9 to catalyze a series of similar reactions was then undertaken with combinations of nitroalkenes 13c,d,f-l and ylides 15a-c as the reaction partners to form products 16b-l (Table 4) . 23 Not only were substituted trans-β-nitrostyrenes generally good substrates in these reactions (entries 1-7), but alkyl substituted nitroalkenes were useful as well (entries 8 and 9). Furthermore, the phenyl group of the ylide reaction partner could also be substituted with either an electron-withdrawing or -donating group to good effect (entries 10 and 11). In all cases, excellent stereoselectivity was observed, as in the model reaction Table 4 9 ( 10 mol % ) With the synthesis of heterogeneous polymers 18-20 complete, we examined their catalytic activity as we did previously with homogeneous polymers 9-11 in the reaction between 12 and 13a to form 14a ( Table 5 ). As before, using either monofunctional polymer 19 or 20, little or no product was formed (entries 1 and 2). However, the use of a mixture of heterogeneous monofunctional polymers did not afford high yield in this case (entry 3), in contrast to what we observed with the homogeneous polymers 10 and 11 (Table 1 , entry 3). This observation seems to highlight the cooperative nature of catalysis in such reactions, since the heterogeneous nature of 19 and 20 precludes the immobilized amine and thiourea groups from interacting in close proximity with each other. Satisfyingly, bifunctional 18, in which the amine and thiourea groups are colocated in the resin interior was an excellent catalyst for this reaction (entry 4), and provided results similar to what were obtained using homogeneous 9 (Table 1 , entry 4). Polymer 18 was then used to catalyze the same reactions shown in Table 2 , and the results of these experiments are summarized in Table 6 . 25 As is readily evident from comparing Tables 2 and 6, 9 and 18 both function well as the catalyst for these reactions. However, a larger amount of 18 (10 mol % vs. 5 mol %) was required for efficient reaction completion, but the heterogeneous nature of 18 meant that it could be removed from the reaction mixture simply by filtration. Finally, we examined the reusability of 18 after it was recovered at the end of reactions, and the results of these experiments are summarized in Table 7 . 26 As can be clearly seen, using 18 in 6 reaction cycles (5 reuses) with 12 and 13a as substrates was possible without any observable decrease in catalytic efficiency. Thus, it seems that heterogeneous 18 has the advantage over homogeneous 9 of being readily recovered and reused. In conclusion, we have extended the concept of bifunctional polymeric organocatalysts to the synthesis homogeneous (noncross-linked) and heterogeneous (cross-linked) polymers functionalized with both amine and thiourea catalytic groups. These polymers were used effectively as catalysts for reactions involving the addition of nitroalkanes to nitroalkenes and cycloaddition reactions between nitroalkenes and sulfur ylides. For both of these reaction types, good substrate variability and high stereoselectivity were observed. While soluble polymer 9 was generally more efficient and could be used at lower loading than insoluble polymer 18, the latter was removable by filtration and readily reused. We are currently examining other applications of 9 and 18 in the context of complex organic molecule synthesis and will report our findings shortly.
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